X-ray absorption Ni K-edge spectra are recorded for the following systems: Ni metal, Ni(NO3)2 • 6H20, Ni3(PO4)2•6H20, NiSO4 • 6H 2 0, NiCO3, NiO and La2NiO4 using a Cauchois-type bent crystal spectrograph. The chemical shift of these systems is correlated with the partial charge determined using Sanderson's method. On the basis of regression analysis a relation ΔE = A0 + Ai q + A2 q2 -±3q3 + A4 q4 between the chemical shift, DE, and the partial charge, q, has been suggested. The discrepancy in the shift of NiO and La2NiO4 has also been discussed.
Introduction
The formation of a compound or complex causes a change in the chemical environment around the central ion and due to this modification the binding energy of the ion changes as well. The change in binding energy is reflected in the position of the absorption edge of a compound or complex. The chemical shift of a compound or complex is defined as a difference of the energy of the absorption edge of the metal in a compound or complex and in a pure metallic state, i.e. the chemical shift, ΔE, (in eV) is given by where ECompound = energy (in eV) of the absorption edge in a compound and E M e t a l = e n e r g y o f t h e a b s o r p t i o n e d g e i n a p u r e m e t a l . T h e c h e m i c a l s h i f t d e p e n d s upon various factors [1] [2] [3] [4] [5] [6] such as effective charge, valency, nature of ligands, coordination number, etc.
In this paper, we have investigated the systems Ni(NO3)2.6H2O, Ni3(PO4 )2.6H2O, NiSO4.6H2 O , NiCO3, NiO and La 2 NiO4 which have the same oxidation state, coordination number and the nearest neighbour as oxygen. We correlated the chemical shift with a charge on the absorbing ion and suggested a relation between the chemical shift and partial charge based on the method of the least square regression analysis. The experimental details are described elsewhere [7] .
Results and discussion
The increase in valency enhances the chemical shift. The valence dependence of the shift has been used by various workers [8] [9] [10] to determine the valency of the absorbing ion in compounds and complexes. However, it has been observed that the systems having the same valency show a different chemical shift. This fact was explained by Sapre and Mande [9] on the basis of covalency. The covalency suppresses the shift while the ionicity enhances it. It was shown by Chetal [11] that the chemical shift in the octahedral systems is larger than in the tetrahedral systems. The systems under study are divalent and are having six coordination numbers. Further, their nearest neighbours are also the same, i.e. oxygen. Thus valency, coordination number and nearest neighbour atoms are the same in the chemical shift observed by us.
The, partial charge on the system under study has been calculated using the method suggested by Sanderson [12] . According to Sanderson, the effective charges on atoms less than the charge of an electron are called partial charges. The partial charge on a combined atom of a compound is then the ratio of the electronegativity change undergone by the atom in the process of forming the compound to the electronegativity change that it would have undergone in acquiring unit charge. It is given by here, SE and Sit are the electronegativities of the element E and molecule (compound), respectively. ΔSE→ E ± i s t h e e l e c t r o n e g a t i v i t y c h a n g e p e r u n i t c h a r g e a n d
Sanderson showed that this equals 2.08√SE. The value of the partial charge, ionicity and chemical shift of Ni K-edge in the systems under study are given in Table I . A large number of measurements were made on each sample. The chemical shift shown in Table I is actually the average of all these readings. The energy of Ni K-edge in Ni metal has been estimated as 8331.62 eV which agrees with the value 8331.65 given by Bearden [13] .
Several workers [14] [15] [16] [17] have correlated the shift, AE, with the charge, q, with the equation of a type where A 1 , A2, A3, A4, ... are constants which arise due to the hole-site effects, the Madelung potential term, the Watson-Bannet-Davenport type energy term corresponding to the overlap and hybridization effects and the valence d-orbital effects, and Ma and Brueckner type correlation energy, respectively.
We tried to correlate our results with one of the above equations. However, it was found that the correlation coefficient and standard error did not show any trend as it is evident from Table H and hence we correlated our results with the equation of the following type:
The values of the least square fit parameters A0, A1, A2, A3 , ..., the correlation coefficient, γ, and the standard error, S, for each equation are given in Table HI . From this table it is clear that the value of the maximum correlation coefficient and minimum standard error are given by the following equation:
Therefore, Eq. (5) will be the most suitable relation between the chemical shift, ΔE, and the partial charge, q, for the systems under study. The data points of the chemical shift versus partial charge are given in Fig. 1 along with the points for the chemical shift obtained using Eq. (5). It can be seen from the figure that theoretical and experimental data match very well. This again suggests the suitability of Eq. (5) as the most suitable relation between the chemical shift, ΔE, and the partial charge, q. The correlation coefficient of the best fit relation does not equal 1. This is due to the various errors such as an error of omitted variables, error in the mathematical form of the model, error of measurement of the dependent variable, etc. In order to take into account this fact, we have performed the F-test, which tests the significance of the regression done by us. The value of F* of each equation is given in Table IV . The F* value is the maximum of Eq. (5), which also confirms that the equation chosen by us is the best fit. It is clear from Eq. (5) that if q equals zero, ΔE = A0 = 0.0008, which means that not only the partial charge but also the chemical shift is also governed by some other factors such as the ionicity, crystal structure, etc. It can be seen from Table I that the chemical shift of NiO is greater than La2NiO4, although the partial charge on the absorbing ion Ni in NiO is smaller than La2NiO4. This discrepancy may be due to the fact that the ionicity in case of NiO is greater than the ionicity of La2NiO4.
